Materials and Method
O-Carbamyl-D-serine (O-CS) used in these experiments was a by-product5) of D cycloserine fermentation in a pilot plant of our company, and was recrystallized twice before use; m.p., darkened above ca. 190°C and decomposed at 206-209°C, [a]l5 3.2°±2°* (c 1.139, H2O). Anal. Calcd. for C4H8O4N2: C 32. 43, H 5.44, N 18.91 Found: C 32.51, H 5.50 The medium for Bacillus subtilis PCI 219 was a glutamate-glucose-mineral medium3^ which consisted of 0.1 % KH2PO4, 0.07 % MgSO4-7H2O, 0.1 % NaCl, 0.003 % FeSO4-7H2O, 0.2 % (NH4)2HPO4, 0.2 % L-sodium glutamate and 0.5 % glucose (pH 7.0). Observation of reversing action : The common cylinder agar method was employed. Each amino acid or peptide in several concentrations was added to the medium inoculated with B. subtilis spores at a concentration of 5x 106 cells/ml. The spores used were previously washed ten times with distilled water. Solutions of O-CS were placed in the cylinder and after incubation the diameters of the inhibitory zones were measured. Preparation of acid-soluble extract of B. subtilis : A spore suspension of B. subtilis PCI 219 was inoculated in a glutamate-glucose-mineral medium at a concentration of 107 cells/ml and shaken for about 20 hours at 27°C. A 40-ml portion of the fully grown culture (turbidity, as optical density at 650 va/ui, ca. 1.35) was then inoculated into 400 ml of the medium and it was shaken for 4 hours at 27°C to half maximum growth (O.D. at 650 m/^, ca. 0.55). The cells were then collected by centrifugation and resuspended in the same volume of the medium containing O-CS at a concentration of 2 mM. The same inoculum was also added to a medium without O-CS as a control. After shaking for 90 minutes at 27°C, the cells were again collected, washed with distilled water twice and suspended in 5 ml of water. The cell suspension was heated in boiling water for 10 minutes to destroy all enzymatic activities. After cooling with ice, two extractions with 5 % trichloroacetic acid were carried out. The two extracts were combined, trichloroacetic acid removed by extraction with ether, and the remaining solution adjusted to pH 5.0 and lyophilized.
Paper chromatography : Two-dimensional paper chromatography on Toyo roshi No. 51 with 95 % ethanol-1 M ammonium acetate, pH 7.2 (7.5 : 3) and isobutyric acid-0.5M NH4OH (5: 3)6) was employed for the cell extracts. Nucleotides were located on the print made by a letter copying machine (Quik Copy, made by Fuji Photo Film Co., Ltd.) by trans mitted ultraviolet light as ultraviolet absorbing zones. For the isolation of the nucleotides, chromatography was carried out with each solvent preparatively. Determination of nucleotide peptide : The UV-absorbing zones on the paper were extracted with water. The extracts were measured for UV-absorption in 0.01 N HC1 and 0.01N NaOH, and then hydrolyzed with constant boiling HC1 at 105°C for 24 hours. The hydrolysates were analyzed by a Hitachi automatic amino acid analyzer. Muramic acid was also determined by the analyzer in direct comparison with an authentic sample. Phos phorous content was determined by Marinetti's method7). Amino acid analysis : The cell extract was directly subjected to automatic amino acid analysis to determine amino acid or other ninhydrin-positive substances present. A 50-cm high column was used with 0.2m citrate buffer, pH 3.25, and the buffer changed to 0.2m, pH4.25, and 0.7m, pH5.28, after 3 and 5 hours respectively, so as to cover a wide range of amino acids. H 5.54, N 14.ll, Cl 17.88 Found: C 30.16, H 5.87, N 14.24, Cl 18 .22 N-D-Alanyl-O-carbamyl-D-serine* : To a solution of O-CS (2 mmoles) in water (10 ml), pyridine (20 ml) and a trace amount of acetic acid and N-benzyloxycarbonyl-D-alanine N-hydroxysuccinimide ester (2 mmoles) were added. The mixture was stirred for 5 hours at about 50°C, and then allowed to stand for 2 days at room temperature. This reaction proceeded at a slow rate, probably because O-CS was poorly soluble in the solvent. The reaction mixture was concentrated, and the residue(unreacted O-CS) was filtered off. The filtrate was evaporated to drynss, and dissolved in ethyl acetate. After transfer to 5 % NaHCO3 and re-extraction with ethyl acetate at an acid pH, the ethyl acetate solution succinimide ester (2 mmoles) was dissolved in 20 ml of tetrahydrofuran, and mixed with an aqueous solution (10 ml) of D-alanine (2 mmoles) and NaHCO3 (2 mmoles). The mixture stoocl for 72 hours at room temperature and was then concentrated at pH 2.0. The resulting oily precipitate was separated and extracted with chloroform. A slight excess of dicyclohexylamine was added to the extract, and it was washed with water, dried, and concentrated to dryness. The residue, after washing with hot ethyl acetate, was crystallized Reversal was also observed with D,L-^-aminobutyric acid and D-serine, and a weak reversing action was observed with L-methionine. Isolation and determination of a nucleotide peptide : The cell extract prepared from the O-GS containing medium was chromatographed in'^two dimensions. A main UV-absorbing zone was found near the origin. Mobility of the UV-absorbing substance was somewhat slower than that of adenosine triphos phate which was used as a reference compound in both solvent systems. To determine the amount of the substance, an aliquot of the cell extract corresponding to 40 ml of the culture was applied and then the optical density at 262mju measured after extraction with water. The molar ratio of the substance to the glutamic acid content in the cell extract was estimated to be 0.5. In the case of the O-GS-free medium, no UV-absorbing THE JOURNAL OF ANTIBIOTICS MAR. 1968 zone was found at the same posi tion even when a considerable amount of the cell extract was applied. This main UV-absorbing sub stance was ninhydrin-positive, and showed a UV-absorption maximum at 262 my in both 0.01n HG1 and 0.01 n NaOH. The spectra agreed with that of uridylic acid. The analysis of a hydrolysate of the substance gave the constituents listed in Table 2 .
Although the sequence has not been completely determined, it is reasonable to predict from its composition that this substance is the nucleotide tripeptide, UDP MurNAc-Ala-Glu-DAP12). In a preparative scale paper chromatographic separation, three additional UV-absorbing sub stances were found. They showed higher mobilities on the chromato gram than did the main substance described above. After extraction from the chromatogram, these materials showed the following UV maxima: in 0.01n HG1, 257, * L-Serine exhibited an antimicrobial activity at 0.25 MM in this medium and below this concentration, no reversing action was observed. ** D-Serine exhibited an antimicrobial activity at 4.0 mM, and below this concentration, a reversing action was observed. 258 and 281 mju, in 0.01 n NaOH, 258, 260 mju, and no measurement. Acid hydrolysates of these substances gave no significant amount of amino acids. Analysis of cell extracts : When the acid-soluble cell extract from the O-GS-containing medium was analyzed by the automatic amino acid analyzer, peaks for the nucleotide peptide, O-GS, glutamic acid, alanine, ammonia and an unknown compound were found as shown in Fig. 1 . In the case of the extract from the O-GS-free medium, on the other hand, no peaks of nucleotide peptide or O-GS were found. The molar ratios to glutamic acid are shown in Table 3 . Sodium glutamate was present in both media (O-CS present and absent). Therefore, the glutamic acid content in both cell extracts was considered to be comparable, In this table some deviation was shown in the two experiments, probably because of the difficulty in controlling culture age and cell washing exactly in each experiment. It is, however, certain that the relative amounts of alanine and ammonia to glutamic acid increase significantly when Table 3 . Analyses on the acid-soluble extracts from B. subtilis grown in the presence or absence of O-CS Table 4 . Antimicrobial activity of compounds related to O-carbamyl-D-serine to B. subtilis in synthetic medium * Determined by UV-absorption after isolation Table 5 Conditions and expressions were described in Table 1 .
O-CS is present in the medium. The configuration of alanine contained in both cell extracts was determined to be the L-form by the gas-liquid chromatographic technique. The N(L-^-chloroisovaleryl) alanine methyl esters derived from both extracts and authentic L-alanine showed the same retention time (3.40 minutes) under the experimental conditions described. Antimicrobial activity of the compounds related to O-carbamyl-D-serine : Six compounds prepared in this work were investigated for their antimicrobial activity against B. subtilis in the synthetic medium by means of the cylinder agar method. As shown in Table 4 , only O-carbamyl-D-serine methyl ester exhibited activity. Its activity was completely reversed by L-, and D-alanine and D-alanyl-D alanine ( Table 5) . Discussion
The general pattern of the synthetic pathway of glycopeptide is now believed to be that described in Fig The following experiment was carried out according to a referees' advice. O-Carbomyl-D-serine methyl ester was added to a log-phase culture of B. subtilis and incubated for 4 hours at 37°C. The ester was measured by the ferric hydroxamate method described by M. Ebata18). As a result, no hydroylsis of the ester was found during the incubation. This indicated that the ester was quite resistant to any esterases of the organism and that the ester itself exhibited the antimicrobial activity described in the text.
